
METHOD OF MANUFACTURING YOKE OF ROTARY ELECTRIC MACHINE 

CROSS REFERENCE TO RELATED APPLICATION 
The present application is based on and claims priority from 
5 the following Japanese Patent Applications: 2000-277074, filed 
September 12, 2000; 2000-323201, filed October 23, 2000; and 
2000-394893, filed December 26, 2000; the contents of which are 
incorporated herein by reference. 

OlO BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of manufacturing 
C| a stator yoke of a rotary electric machine. 
; s 3 2. Description of the Related Art 

1^15 Japanese Patent application JP-A-64-60247 discloses a 

;;2 method of manufacturing a yoke. In the method, a sheet made of 

magnetic material, such as iron or steel, is rolled and a number 

of convexities formed at one side thereof are fitted to the same 

number of concavities. Thereafter, respective central portions 

20 of the convexities of one side of the steel sheet are punched 

and expanded, thereby clamping the opposite sides of the steel 

sheet. It is also known that the convexities are shaped into 

dovetail convexities . 

However, because the convexities on a side of a steel sheet 

25 are expanded and deformed while the concavities on the other side 

are not expanded, differences in shape and thickness arise between 

the one side and the other side. This may cause the circularity 
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of the yoke to be inaccurate. If the circularity is not accurate, 
it is not possible for a rotary electric machine to provide a 
small air gap between the rotor and the stator thereof. If the 
air gap is not made small , the performance of a rotary electric 
5 machine lowers. 

As a conventional technology of manufacturing a stator yoke 
of a rotary electric machine, there is a method of manufacturing 
a yoke disclosed in JP-A-5-91700 . In this method, a sheet member 
is rolled to meet the opposite sides of the sheet member together, 

10 and the opposite sides are welded together. For this purpose, 
positioning concavities are formed on the surface of the sheet 
member. However, an expensive laser beam has to be used to weld 
the opposite sides. 

It is also known that dovetail convexities are formed at 

15 one side of the sheet member, which are fitted and clamped to 
concavities formed at the other side of the sheet member. 
In this case, sealant is filled in the clamped portions to ensure 
the seal, as disclosed in JP-A-52-20207 . However, extra steps 
of filling sealant and removing leftover sealant are necessary, 

2 0 and work time and production cost increase. 

Further, a yoke of a motor, such as a starter motor, is 
manufactured from a steel plate, which is rolled up to form a 
cylindrical shape so that the opposite sides of the plate are 
put together and welded to each other as disclosed in JP-U- 

25 58-97957 and JP-A-64-6024 7 . There is a chamfered corner at the 
inside of the yoke in order to have a bracket or the like fitted 
in the open end of the yoke smoothly. 




Such chamfered corner of the yoke is formed by a machine 
after the steel plate is rolled up. Therefore, the manufacturing 
cost is high. 

5 SUMMARY OF THE INVENTION 

Amain object of the present invention is to provide a method 
of manufacturing a yoke having an accurate circularity. 

A main feature of the invention is a step of clamping in 
which the border portions of both dovetail convexities are 
ijf 10 punched. 

: r= 

"zhx? 

"*% It is only necessary for the first dovetail convexities and 

the second dovetail convexities to have a wider tail end than 

;j a tail base so that it can fit to each other. It is not necessary 

for them to have a trapezoidal shape. It is not necessary that 

M*15 the step of cutting a steel sheet, the step of fitting the dovetail 

Q convexities and the step of clamping the dovetail convexities 

are separately carried out. Further, it is not necessary that 

machines for respective steps are separate from each other. It 

is also possible to integrate such machines so that they can carry 

20 out a series of the steps successively. 

Because the punches are given along the border of both the 

first and second dovetail convexities to expand uniformly in the 

clamping step, both sides of the steel sheet are deformed to the 

same degree. Therefore, a simple and inexpensive method that is 

25 comprised of the step of rolling a steel sheet, the step of meeting 

the opposite sides thereof together and the step of clamping them 

can improve the circularity of the yoke. Further, a cylindrical 
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yoke having an accurate circularity can be manufactured from a 
steel sheet at a comparatively low cost. In addition, the first 
and second dovetail convexities are respectively formed at almost 
the whole length of the opposite sides thereof and clamped. 
5 Therefore, the fastening strength is increased. 

According to another feature of the invention, both the 
first and second dovetail convexities are the same in size and 
shape. They are given punches on the border equally, and they 
are deformed equally so that a very accurate circularity of the 
10 yoke can be provided. 

According to another feature of the invention, the first 
and second dovetail convexities are given punches only on the 
middle border portions where a straight line crosses, and the 
clamping can be completed by a smallest number of punches. In 
15 addition, work time of the clamping can be reduced because the 
positions on which the punches are given are on a straight line. 

Therefore, the manufacturing cost and work time can be 
reduced . 

According to another feature of the invention, punches are 
20 given on the middle of the longitudinal borderline to clamp the 
opposite sides of the rolled steel sheet. Therefore, compressed 
stress or bending strain does not appear at the axial ends of 
the borderline, and the opposite sides of the rolled steel sheet 
are well prevented from separating from each other at the axial 
25 ends of the yoke. 

According to another feature of the invention, the profile 
of the first and second dovetail convexities includes a straight 




portion. Therefore, the steel sheet can be cut easily at a low 
cost. In other words, since the dies of the press machine includes 
the corresponding straight portion, the dies can be made at a 
low cost. Therefore, work time and the cost of production can 
5 be reduced. 

Another object of the present invention is to provide a 
simple method of manufacturing a well-sealed yoke at a low cost. 

According to a feature of the invention for this object, 
an outer periphery of a yoke is electro-statically painted in 
10 a painting step to seal portions where convexities and concavities 
are fitted to each other. Since the outer periphery of the 

yoke is electro-statically painted, small gaps can be sealed by 
paint. Therefore, a sufficient hermetic seal can be provided. 
Since the surface of the clamped portion sealed by the 
15 electro-static painting is smooth, no step of smoothing the yoke 
surface is necessary. 

According to another feature of the invention, a gap opening 
to the outer periphery is formed at least the clamped portions . 
Therefore, electric charge gathers around the gap when the 
20 peripheral surface of the yoke is electro-statically painted, 
and the paint moving to the clamped portion gets into the gap. 

Therefore, a very smooth peripheral surface of the yoke can 
be provided. 

According to another feature of the invention, the gap is 
25 less than twice as thick as a paint film formed in the painting 
step, the gap can be sufficiently filled with the paint. 

Accordingly, the yield rate of the paint can be improved 



and the production cost and time can be reduced. 

According to another feature of the invention, the yoke is 
heated before powder paint is sprayed on the peripheral surface, 
the paint can stick to the peripheral surface very well. 
5 Therefore, a beautiful yoke can be provided. 

According to another feature of the invention, the starting 
point of the painting and the ending point of the painting are 
set at the clamped portion so that the clamped portion can be 
painted twice. Therefore, the gaps at the clamped portion can 
10 be sufficiently filled with paint, and a higher hermetic yoke 
can be provided without additional cost. 

Another object of the invention is to provide a yoke of a 
rotary electric machine that can eliminate the machine work for 
the chamfering. 

15 A yoke of a motor is formed from a steel plate that is rolled 

to form a cylindrical shape having axially opposite ends that 
are chamfered at inside or outside corners thereof. According 
to a feature of the invention, the steel plate is chamfered before 
it is rolled up. 

20 This invention omits additional chamfering machine work. 

If a member (e.g. a bracket) to be assembled to the yoke is fitted 
to the inside of the yoke in the axial direction thereof, the 
inside corner of the yoke is chamfered. On the other hand, the 
outside corner of the yoke is chamfered if the member is fitted 

25 to the outside of the yoke, so that cracking from the shear drop 
can be prevented. 

According to another feature of the invention, the steel 




plate is cut by a press machine into a strip having a fixed width 
and rolled so as to locate a shear drop that is formed due to 
cutting by a press machine at the outside of said cylindrical 
shape. Accordingly, the cut surface does not expand 
5 circumf erentially outer direction when the steel plate is rolled 
up so that cracking can be prevented from extending from the cut 
surface . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Q10 Other objects, features and characteristics of the present 

;if invention as well as the functions of related parts of the present 

^ invention will become clear from a study of the following detailed 

'■"] description, the appended claims and the drawings. In the 

1*5 drawings : 

lillS Fig. 1 is a plan view of a cut sheet for a yoke according 

q to a first embodiment of the invention; 

Fig. 2 is a fragmentary enlarged view of first dovetail 

convexities of the steel sheet shown in Fig. 1; 

Fig. 3 is a perspective view of a yoke after a fitting step 

2 0 according to the first embodiment; 

Fig. 4 is an enlarged side view of the dovetail convexities 

of the yoke shown in Fig. 3 being fitted together; 

Fig. 5 is a side view of punched portions of the dovetail 

convexities shown in Fig. 3 in a clamping step; 

25 Fig. 6 is a cross-sectional view of a tool used in the 

clamping step according to the first embodiment; 

Fig. 7 is a side view of portions around the dovetail 

7 




convexities for showing a plastic deformation in the clamping 
step according to the first embodiment; 

Fig. 8 is a perspective view of the yoke after the clamping 
step according to the first embodiment. 
5 Fig. 9 is a side view of punched portions of the dovetail 

convexities in a clamping step according to a variation of the 
first embodiment; . 

Fig. 10 is a side view of punched portions of the dovetail 
convexities in a clamping step according to another variation 
Q10 of the first embodiment; 

Fig. 11 is a side view of punched portions of the dovetail 
l-=j convexities in a clamping step according to another variation 
'f: of the first embodiment; 

^ Fig. 12 is a schematic side view typically illustrating a 

lI15 drawback in the clamping step. 

*; 5 «j Fig. 13 is a side view of punched portions of the yoke around 

the dovetail convexities in a clamping step according to a second 
embodiment of the invention; 

Fig. 14 is an enlarged side view of the yoke by a method 
2 0 according to a third embodiment; 

Fig. 15 is a plan view illustrating a cut steel sheet in 
a cutting step of a method according to a fourth embodiment of 
the invention; 

Fig. 16 is a perspective view illustrating a hollow 

25 cylindrical yoke according to the fourth embodiment; 

Fig. 17 is a fragmentary cross-sectional view illustrating 

a portion around a gap of the yoke after a tube-forming step 
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according to the fourth embodiment; 

Fig. 18 is a cross-sectional schematic diagram illustrating 
a holder holding the yoke in a painting step according to the 
fourth embodiment ; 
5 Fig. 19 is a perspective schematic diagram illustrating the 

painting step according to the fourth embodiment; 

Fig. 20 is a fragmentary cross-sectional view of the yoke 
manufactured by the method according to the fourth embodiment; 

Fig. 21 is a fragmentary cross-sectional view illustrating 
10 a portion of the yoke with paint powder sticking thereto; 

Fig. 22 is a schematic cross-sectional diagram illustrating 
a holder holding the yoke in the painting step according to a 
variation 1 of the fourth embodiment; 

Fig. 23A is a plan view of a cut steel sheet for forming 
15 a yoke, and Fig. 23B is a perspective view illustrating a yoke 
manufactured by a method according to a variation 2 of the fourth 
embodiment ; 

Fig. 24A is a side view of a cut steel plate for a fifth 
embodiment of the invention, and Fig. 24B is a plan view thereof; 
20 Fig. 25 is a cross-sectional view of a yoke and a bracket 

fitted together; 

Fig. 26 A is a perspective view illustrating the whole 
portion of the yoke shown in Fig. 25, and Fig. 26B is a 
cross-sectional view illustrating an end of the yoke; 
25 Fig. 27 is a cross-sectional view illustrating the yoke and 

the bracket fitted together; 

Figs. 28A and 28B are side and front views illustrating the 




cut surface of the steel plate cut by a press machine; and 

Fig. 29A is a cross-sectional view of an end of the yoke, 
and Fig. 29B is a plan view thereof viewed in the axial direction. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Methods of manufacturing a yoke according to various 

embodiments of the invention are described with reference to the 

appended drawings . 

A method of manufacturing a stator yoke of a starter motor 
0 according to a first embodiment of the invention is described 

hereafter. The method of manufacturing a yoke includes steps of 

cutting, fitting and clamping. 

At the cutting step, a belt like long steel sheet is cut 

into a rectangular shape having first dovetail convexities 1 on 
5 one side thereof and second dovetail convexities 2 on the other 

side so that they can be fitted to the first dovetail convexities. 

A press cutter is used to cut the steel sheet in the following 

manner to have a good yield rate: when the first dovetail 

convexities 1 are cut at one side, the second dovetail convexities 
0 2 are automatically formed at the other side, as the fragments 

of the first dovetail convexities. 

As shown in Fig. 1, there are three first dovetail 

convexities 1 formed at the middle and half-dovetail fragments 

1' and straight portions at the opposite axial ends, on one side 
5 (right in Fig. 1) of the cut steel sheet. There are four 

concavities 10 among the three dovetail convexities 1 and two 

fragments 1' . On the other hand, there are four second dovetail 
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convexities 2 at the middle thereof and incomplete concavities 
20' at the opposite axial ends on the other side (left in Fig. 
1). There are three concavities 20 among the second dovetail 
convexities 2 . 

5 Three first dovetail convexities 1 on one side and four 

second dovetail convexities 2 on the other side are the same in 
shape and formed at axial positions so that they can fit each 
other. In other words, the first dovetail convexities 1 and 
incomplete dovetail fragments 1 ' on one side are located to 
10 correspond to the concavities 20 and the incomplete concavities 
=1S 20 ' and to fit to the concavities 20 and the incomplete concavities 

]j5 20'. Similarly, the second dovetail convexities 2 on the other 
y side are located to correspond to the concavities 10 and to fit 
g to the concavities 10. 

1=^15 Each of the first dovetail convexities 1, as shown in Fig. 

□ 2, has a semicircular neck 11 at the base thereof and a pair of 

semicircular ears 12 at the end thereof. The semicircular neck 

11 has a radius R' that is approximately the same as or a little 

smaller than a radius R of the ears 12. The second dovetail 

20 convexities 2 are the same in shape as the first dove tails 1 

except for projecting direction and the axial position. 

Each of the first dovetail convexities 1 has an axially 

extending straight portion 13 at the end thereof. Straight 

portions 14 are also formed at concavities 10 between the first 

25 dovetail convexities 1 and the half dovetail fragment 1'. Since 

the second dovetail convexities 2 and the first dovetail 

convexities 1 are the same in shape, a portion of the first and 
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second dovetail convexities is straight. 

In the step of cutting, as shown in Fig. 3, the cut steel 
sheet is rolled to be cylindrical, one side of the steel sheet 
and the other side are put together to fit the first dovetail 
5 convexities and the second dovetail convexities to each other. 
As shown in Fig. 4, there is a small gap g between each of the 
first dovetail convexities 1 and the neighboring one of the second 
dovetail convexities 2, so that the first dovetail convexities 
1 and the second dove tails 2 can loose-fit to each other. 

10 Finally, in the step of clamping, as shown in Fig. 5, the 

first dovetail convexities 1 and the second dovetail convexities 
2, which are fitted to each other, are punched at borders thereof 
so that one side of the rolled steel sheet or a yoke Y and the 
other side thereof can be clamped to each other. In more detail, 

15 the first dovetail convexities 1 and the second dovetail 
convexities 2 are punched at middle portions of the borders 
located at a center line CL, as shown by circles, so that the 
one side and the other side of the yoke Y can be clamped to each 
other . 

20 As shown in Fig. 6, the opposite sides of the steel sheet 

for the yoke Y are set on a lower die U that has the same outside 
diameter as the inside diameter of the yoke Y. Then portions of 
the opposite sides are punched by a cylindrical flat-head punch 
P from above, so that, as shown in Fig. 7, the first dovetail 

25 convexities 1 and the second dovetail convexities 2 plastically 

deform or flow in the directions indicated by arrows to fill the 

gaps between the dovetail convexities 1 and 2 . Thus, the dovetail 
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convexities 1 and 2 are tightly clamped, and a cylindrical yoke 
Y is formed from a steel strip as shown in Fig- 8. 

Thus the method of manufacturing a yoke according to the 
first embodiment has the following effects. 
5 When the first dovetail convexities 1 and the incomplete 

dovetail convexities 1' on one side of the steel sheet are cut 
out by a press cutter, the second dovetail convexities 2 and the 
incomplete concavities 20' are automatically formed on the other 
side. Therefore, the yield rate of the steel sheet becomes higher 
OlO and the material cost becomes lower; the straight portions 13 
^ and 14 of the first and second dove tails 1 and 2 make the cost 

,.5 SB; 

55 of the dies of the press cutter inexpensive. 

Zl As shown in Fig. 5, both the dovetail convexities 1 and 2 

q are the same in shape and are punched at the middle of the borders 

; s ^15 along the center line CL of both the dovetail convexities 1 and 
O 2. Therefore, both the dovetail convexities 1 and 2 plastically 

deform uniformly. As a result, a yoke Y can have an accurate 

circularity . 

A small number (e.g. eight) of the punched positions 

20 ( indicated by circles ) is sufficient for the clamping . Therefore, 

the cost and time for the clamping step is small. Therefore, the 

method of manufacturing a yoke according to the first embodiment 

is suitable to mass-production of the yokes. 

Because the first dovetail convexities 1 and the second 

25 dovetail convexities 2 are clamped after being fitted each other, 

a great fastening strength can be provided. 

As a variation 1 of the present embodiment, the dovetail 
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convexities 1 and 2 are punched at the edges thereof located on 
the border line, as shown in Fig. 9. Therefore, the gap g between 
the first and second dovetail convexities 1 and 2 can be filled 
and clamped although strength of the punches is smaller. 

5 Therefore, a yoke Y that has a higher circularity than the first 
embodiment can be provided. 

As a variation 2 of the invention, as shown in Fig. 10, 
punches are given at opposite sides of the edge along the borders 
of both the dovetail convexities 1 and 2. In this embodiment, 

0 the portions at which punches are given are disposed in a lattice 
shape. Therefore, the clamping device can be made easy. 
Although the punching force is smaller than that of the first 
embodiment, the gap g between the first and second dovetail 
convexities 1 and 2 can be closed and clamped. Therefore, more 

5 accurate circularity of the yoke can be provided. 

As a variation 3 of this embodiment, both the dovetail 
convexities 1 and 2 are punched along the border to be clamped, 
as shown in Fig. 11. Although the punches are not so strong as 
the first embodiment, the gap g between the first and second 

0 dovetail convexities 1 and 2 can be closed and clamped. Therefore, 
more accurate circularity of the yoke Y can be provided. 

In stead of a punch, a roller can be used in the step of 
clamping, 

A method of manufacturing a yoke according to a second 

5 embodiment of the invention is described hereafter. 

If the dovetail convexities 1 and 2 formed near the axial 

edges are punched, the incomplete dovetail convexities 1' may 
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deform in the axial direction , and a gap G is formed between one 

and the other sides of the steel sheet at the axial ends of the 

yoke Y as shown in Fig. 12. 

In the method according to the second embodiment, the 

5 portions at axially opposite ends of the first and second dovetail 

convexities 1 and 2 are not punched, as shown in Fig. 13. That 

is, the portion along the border of the incomplete dovetail 1' 

and the second dovetail 2 is not punched in the clamping step. 

Others are the same as the embodiment 1 . 

iJSlO Therefore, the incomplete dovetail convexities 1' fitted 

«j to the dovetail convexities 2 at the axial ends of the yoke Y 

'vf without deforming, so that the clamped portion is not separated. 

Further, the number of portions being punched in the clamping 

;L s step can be reduced from 8 to 6 . Although a small gap remains 

;"Il5 between the incomplete dovetail 1' and the second dove tail 2 

at the axially opposite ends of the steel sheet, such gap does 

not affect magnetic characteristic of the yoke Y. 

A third embodiment of the invention is described with 

reference to Fig. 14. The fitting step is almost the same as the 

20 fitting step of the first embodiment. 

In the cutting step, inversed trapezoidal first dovetail 

convexities 1 and the second dove tails 2 are respectively formed 

on one and the other sides of the steel sheet. Both the dovetail 

convexities 1 and 2 are the same in shape, and each corner of 

25 the dovetail convexities 1 and 2 is chamfered. 

In the clamping step, the corners of the dovetail 

convexities 1 and 2 are punched and clamped. However, the corner 
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of the incomplete dovetail convexities 1 ' and the corresponding 
corners of the dovetail 2 are not punched. Therefore, the 
circularity of the yoke becomes more accurate, the joint strength 
can be improved. 

5 Since the dovetail convexities 1 and 2 of this embodiment 

include more straight profile portions than the first embodiment, 
the press cutter can use less expensive dies. 

The shape of the dovetail convexities 1 and 2 can be modified, 
in the cutting step, to many shapes other than the inversed 
0 trapezoid. The punching position can be changed in many ways. 

A method of manufacturing a yoke according to a fourth 
embodiment is described with reference to Figs. 15-21. 

The method of manufacturing a yoke according to this 
embodiment has a tube-forming step and a pre-heating step and 
5 a painting step in this order, as described in detail below. 

The tube-forming step includes a cutting step and a clamping 

step . 

In the cutting step, a belt-like long plate is cut by a press 
machine or a press cutter into a rectangular sheet to form a 

0 plurality of convexities 101 at one side and a plurality of 
concavities 102 to be fitted to the convexities 101 at the other 
side. When the convexities 101 are formed at one side, the 
concavities 102 are automatically formed at the other end. 

The one side of the cut sheet (upper side of Fig. 15) has 

5 three convexities 101 at the middle thereof, and the other side 
of the cut sheet (lower side of Fig. 15) has three concavities 
102 at the middle thereof. 
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The three convexities 101 and the three concavities 102 are 
complementary in shape to each other and located so that they 
can fit to each other. 

The shape of the convexities 101 corresponds to a portion 
5 of an ellipse that is cut by a line parallel to the major axis 
thereof. Each of the convexities 101 has a neck 11 at the base 
thereof. The shape of the concavities 102 is formed so that the 
convexities 101 can fit the concavities 102 without gaps. 

In the fitting step, the cut sheet is rolled up to be 
10 cylindrical, and the one side and the other side of the sheet 
are put together to fit the convexities 101 and the concavities 
102 to each other, as shown in Fig. 16. 

In the clamping step, the jointed portions 103 of the 
convexities 101 and the concavities 102 are punched to clamp the 
15 one and the other sides of the rolled sheet to each other. 

In the preheating step of this embodiment, the yoke Y is 
heated by a heating apparatus such as an air heating furnace, 
an infrared lamp, an induction heating apparatus before it is 
painted. 

2 0 In the painting step, the yoke Y formed in the tube-forming 

step is held by a holder so that the outer periphery of the yoke 
is electro-statically painted, as shown in Fig. 18. 

The holder is comprised of a shaft 91, a pair of masking 
disks 92 that has an outside diameter larger than the outside 

25 diameter of the yoke Y, a pair of support members 93 that has 
an approximately the same outside diameter as the inside diameter 
of the cylindrical member Y and a fastening member 94 for fixing 




the masking disks 92 and the yoke Y to the shaft 91. The pair 
of masking disks 92 is electrically connected to the yoke Y and 
is disposed to mask the opposite axial ends of the yoke Y. The 
shaft 91 extends through the center of the masking disks 92 and 

5 is rotatably supported by a rotary device (not shown) . The shaft 
91 and the pair of masking disks 92 are electrically connected 
to each other when the yoke Y is held by the holder. Therefore, 
the yoke Y is electrically connected to the shaft 91 while it 
is sandwiched by the pair of masking disks 92 at the opposite 

0 ends thereof. 

The electro-static painting is carried out by an 
electro-static painting gun. The electro-static painting gun 
includes a gun body 81 that has an injection nozzle 811 for 
injecting electrically charged paint powder P and an electric 

5 power unit 8 2 for supplying electric power to the gun body 81. 
The injection nozzle 811 injects paint powder straight. A 
negative electrode of the power unit 82 is connected to the gun 
body 81, and the positive electrode of the power unit 82 is 
grounded. 

0 The electro-static painting is carried out while rotating 

the shaft 91 of the holder to rotate the yoke Y after the holder 
for holding the yoke Y is grounded. The injection nozzle 811 of 
the electro-static painting gun is located to inject the paint 
powder P toward the cylindrical axis of the yoke Y. The 

5 electro-static painting is started from the portion just in front 

of the jointed portion 103 around the whole outer periphery of 

the yoke Y and ended at the same portion of the jointed portion 

18 




103, as shown in Fig. 5. The quantity of the paint is controlled 
so that the thickness of the paint film that is stuck on the outer 
periphery of the yoke Y is less than twice as thick as the gap 

g- 

5 Thus, the paint film L is formed on the yoke Y at the jointed 

portion 103 so that the yoke Y has a hermetic seal, as shown in 
Fig. 20. 

In the tube-forming step, when the convexities 101 are 
formed at a side of a sheet by a press cutter, the concavities 
; ; rjl0 102 are automatically formed. Therefore, the yield rate of the 
'in yoke material is high and the material cost can be reduced. 

i=5 In the painting step, since electric charges gather at 

corners of the gap g of the yoke Y, the paint powder P concentrates 

□ at and sticks to the portion around the gap so that the gap g 

'bissf 

M=15 can be fully closed by the paint powder P, as shown in Fig. 21. 

□ In the painting step, since the yoke Y is preheated in the 
preheating step, the paint powder can well stick to the outer 
periphery of the yoke, so that the exterior of the yoke can be 
improved . 

2 0 As a variation 1 of the fourth embodiment, the holder used 

in the painting step is formed from insulation material as a 
masking member 92 1 to electrically insulate the yoke Y from a 
shaft 91 T , as shown in Fig. 22. The electrical connection of the 
shaft 91' and the yoke Y is made by a conductive support 93' c 

25 that is fixed and electrically connected to the shaft 91' and 

abutted against the inner periphery of the yoke Y. Since an 

electric potential is not applied to the masking member 92 ■ , paint 
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powder does not stick to the masking member 92 • . 

As a variation 2 of the fourth embodiment, the shape of each 
of the convexities 101 1 is an isosceles trapezoid, as shown in 
Figs. 23Aand23B. Since the convexities 101 ' and the concavities 
5 102' are profiled by straight lines, it is easy to cut those from 
a plate. 

A method of manufacturing a yoke according to a fifth 
embodiment of the invention is described with reference to Figs. 
24A and 24B - Fig. 27. 
10 A yoke Y is used in a starter motor of a vehicle starter. 

As shown in Fig. 25, a bracket B is fitted to the inner periphery 
of the yoke Y. 

The yoke Y is manufactured by rolling up the longitudinal 
sides (upper and lower sides) of the steel plate shown in Figs. 

15 24A and 24B to form a cylindrical shape. 

The steel plate is formed from a sheet material (not shown) , 
which is cut into a rectangle having a fixed width by a press 
machine. As shown in Fig. 2 4A, a plurality of convexities 
(dovetail convexities) 201 is formed on one of the longitudinal 

20 sides, and a plurality of concavities 202 is formed on the other 
side. The convexities 201 and the concavities 202 are fitted to 
each other, as shown in Fig. 26A, after the steel plate is rolled 
up into a cylindrical yoke. 

Chamfered corner C (for example, the slope of the corner 

25 is about 45 degree) is formed at a corner of the steel plate in 
the width direction (right corner and/or left corner) before it 
is rolled up, as shown in Fig. 24B. The chamfered corner C is 



formed by a press machine at the inside corner of the yoke where 
the bracket B is fitted . In other words , the steel plate is rolled 
up so that the chamfered corner C can be located at the inside 
of the yoke Y in the thickness direction thereof, as shown in 
5 Fig. 26B. 

Therefore, it is not necessary to cut such a chamfered 
corner C by an additional machine work, so that the manufacturing 
cost can be reduced. Especially, it is easy to form a chamfered 
corner by pressing before the steel plate is rolled up. The 

is ^10 chamfered corner can be formed concurrently when the steel plate 

^ is cut by a press machine. 

S The bracket B can be fitted to the outside of the yoke Y, 

■ if*; 

Cj as shown in Fig. 27. In this case, the chamfered corner should 

o be formed at the outside corner of the yoke Y. The steel plate 

M=15 can be formed from a long belt-like material having a fixed width 
Q by separating the portions of the convexities 201 and concavities 
202 . 

A method of manufacturing a yoke according to a sixth 
embodiment of the invention is described with reference to Figs* 

20 28A and 28B. The shear drop 204 is formed on the outside of the 
yoke Y by cutting the steel plate by a press machine at opposite 
sides in the width direction. In this case, the shear drop 204 
is formed at the upper side of the cut portion, and a cut surface 
205 is formed next to the shear drop. 

25 If the shear drop 204 is located inside the yoke Y, as shown 

in Fig. 29A, the shear drop can be utilized as a chamfered corner 

of the yoke Y into which the bracket B is fitted, as shown in 

21 
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Fig. 25. If the steel plate is rolled up so that the cut surface 
205 can be located at the outside of the yoke Y, the cut surface 
205 is expanded in the circumferential direction to help the cut 
surface 205 crack. 
5 In this embodiment, the cut surface 205 is located at the 

inside of the yoke Y so that the chamfered corner C can be formed 
at the cut surface, as shown in Fig. 26B. 

If the bracket B is fitted to the outside of the yoke Y, 
the chamfered corner C should be formed at the outside of the 
□ 10 yoke Y. 

The chamfered slope is not limited to 4 5 degree. It may 

^ be 30, 60 or any other degree. The chamfered slope may be round 

Ln 

\J R * 

i«5 In the foregoing description of the present invention, the 

lI15 invention has been disclosed with reference to specific 
q embodiments thereof. It will, however, be evident that various 

modifications and changes may be made to the specific embodiments 
of the present invention without departing from the scope of the 
invention as set forth in the appended claims. Accordingly, the 
20 description of the present invention is to be regarded in an 
illustrative, rather than a restrictive, sense. 
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